Two years of mid-latitude cirrus cloud macrophysical and optical properties over North China are described from Earth-orbiting Cloud-Aerosol Lidar with Orthogonal Polarization (CALIOP) satellite measurements. Global cloud climatological studies based on active remote sensing data sets benefit from more accurate resolution of vertical structure and more reliable detection of optically thin layers. The mean values for cirrus cases over North China are 0.19±0.18 for infrared emittance, 0.41±0.68 for visible optical depth, 0.26±0.12 for integrated depolarization ratio, and 0.72±0.22 for integrated color ratio. When studied using reasonable assumptions for the relationship between extinction and ice crystal backscatter coefficients, our results show that most of the cirrus clouds profiled using the 0.532 μm channel data stream correspond with an optical depth of less than 1.0. The dependence of cirrus cloud properties on cirrus cloud mid-cloud temperature and geometry thickness are generally similar to the results derived from the ground-based lidar, which are mainly impacted by the adiabatic process on the ice cloud content. However, the differences in macrophysical parameter variability indicate the limits of spaceborne-lidar and dissimilarities in regional climate variability and the nature and source of cloud nuclei in different geographical regions.
Introduction
Instantaneous global cloud cover is approximately 70%, meaning that clouds significantly influence the atmospheric hydrological cycle and radiation budget of the Earth climate system (Baker, 1997; Lynch et al., 2002; Sassen et al., 1989; Wielicki et al., 1995) . Cirrus clouds, consisting predominantly of non-spherical ice crystals, are distinct in the visible sky. They are often optically thin and persist in unique macrophysical shapes and forms. This is due to the turbulent and sheared wind flow characteristic of the uppertroposphere where they are most frequently found.
Earlier estimates of global cirrus cloud cover were 20%-35% (Heymsfield, 1975; Liou, 1986) . With the benefit of improved global observation networks and retrieval techniques, more current estimates place this value closer to 40% (Wylie et al., 1994; Wylie and Menzel, 1999; ).
An important difference between cirrus clouds and other hydrometeor layers is that they may exhibit dual/opposing characteristics when considering their role in the radiative balance of the atmosphere. Small ice crystals (<1.0 μm) induce relatively high albedos, as incoming solar radiation is more efficiently reflected back to space. However, more commonly, cirrus lay-ers absorb infrared radiation emitted by the planetary surface and, therefore, act as greenhouse components to cause warming of the equilibrium climate, particularly in the Tropics (Liou, 1986; IPCC, 2007) . Simulations (Takano and Liou, 1989a, b) indicate that the climatic impact of cirrus clouds can be characterized by their radiative properties, which are, in turn, related to physical properties that include cloud heights, temperatures, and the shape and orientation of ice crystals (Sassen et al., 1989; Stephens et al., 1990) . Global variability is considered very likely, as these many characteristics are influenced by the regional climate (Sassen and Campbell, 2001 ). Therefore, parameterizations for cirrus cloud physical processes in numerical models must be investigated and reported from many representative regimes, as they are necessary to decrease fundamental uncertainties in climate prediction (Martin et al., 1988) .
Many sophisticated ground-based and spaceborne techniques (Platt, 1973; Sassen, 1991; Winker and Trepte, 1998) have been developed to observe cirrus clouds. A ground-based lidar-radiometer (LIRAD) method developed by Platt (1973) , with some extensions by Young (1995) , has been extensively used to determine cloud radiative and optical properties (Platt, 1979; Platt et al., 1998 Platt et al., , 2002a . The CloudAerosol and Infrared Pathfinder Satellite Observations (CALIPSO) satellite was launched (Winker et al., 2003) in June 2006 as a component of the U.S. National Aeronautics and Space Administration (NASA) Afternoon Constellation , or "A-Train". Its primary payload, the Cloud-Aerosol Lidar with Orthogonal Polarization (CALIOP) is designed to provide global vertical profiling information of clouds and aerosols. Since cirrus clouds often exist as part of a multilayered cloud system, and are characteristically optically thin and physically high, they are difficult to study from passive satellite radiance measurements and accurately resolve from scattered ground observing sites. Therefore, the CALIOP instrument offers an opportunity to characterize cirrus cloud properties globally (Winker et al., , 2009 . The CALIOP instrument is a dual wavelength (0.532 and 1.064 μm), polarization-sensitive backscatter lidar. The CALIPSO satellite, however, also serves as a platform for a passive Imaging Infrared Radiometer (IIR) and a Wide Field Camera (WFC) (Winker et al., 2009) . Synergy of these nadir-viewing sensors allows for a complete representation of physical cirrus cloud properties. The high quality of processed CALIPSO data products has been demonstrated through validation campaigns Winker et al., 2007; Vaughan et al., 2008; Kahn et al., 2008; Kim et al., 2008) .
Previous observations on mid-latitude cirrus cloud properties using ground-based instruments (Platt, 1979; Sassen and Campbell, 2001; Immler and Schrems, 2002a) have been conducted at many sites worldwide. However, it is apparent that many gaps exist in our understanding of spatial variability. In the current investigation, we focus on the mid-latitude cirrus cloud properties observed over North China using CALIOP (a domain bracketed from 35 • N to 45
• N and 110
• E to 120 • E). We believe this to be the first such study completed for this eastern Asia region. In order to determine the regional quality of climatological cirrus cloud properties, these observations are compared with ground-based studies reported previously from other regions. The paper is organized as follows: a brief introduction to the CALIOP data, and an introduction to the methodology of retrieving infrared and visible optical properties of cirrus clouds, are presented in section 2; section 3 describes and discusses the results of macrophysical, infrared optical, visible optical, depolarization ratio, and color ratio properties; finally, the major results are summarized in section 4.
Data and methodology

Data
We have studied two years (June 2006 -May 2008 of CALIOP measurements of cirrus clouds over North China. Value-added project data sets are distributed online (http://eosweb.larc.nasa.gov/PRODOCS/calipso/table calipso.html). The Level 1B infrared radiance (IR) data (CAL IIR L1-Pro-V1-10) at three wavelengths (8.65, 10.6, and 12.05 μm) are used to calculate infrared cloud properties. Level 2 cloud layer products at 5 km horizontal resolution (CAL LID L2 05 kmCLay-Prov-V2-01) are used to characterize cirrus clouds macrophysical and optical properties. The CALIOP level 2 feature mask (Liu et al., 2009; Vaughan et al., 2009 ) is used to identify cirrus clouds (Liu et al., 2005; Hu et al., 2009) . In addition to the infrared properties, other physical and optical properties of cirrus cloud are derived from Level 2 cloud layer products.
In light of the distinguishable properties of midlatitude cirrus clouds summarized by previous research, we consider three supplemental criteria to discriminate cirrus clouds in these processed data products in order to limit the potential of false identification biasing of the North China sub-sample. The first ensures a minimum cloud base height of 5 km (Dowling and Radke, 1990) . The second and third restrict the maximum cloud top height temperature to −40
• C and the maximum visible optical depth to 3.0 (Sassen and Cho, 1992; Sassen and Campbell, 2001) , respec-tively. Several important additional parameters relating to cirrus cloud observations are included in these CALIOP data product files. These include cirrus cloud visible optical depth, cloud top and base heights, geometric thickness and thermodynamic profiles derived by the NASA Global Modeling and Assimilation Office (GMAO) (Winker et al., 2009 ).
Methodology
Infrared optical properties
Infrared radiance products from IIR are used to calculate the thermal infrared emittance ε a . The calibrated infrared radiance L m at the top of the atmosphere for the three sampled wavelengths can be written as follows (Chomette et al., 2003; Platt and Young, 2004) :
where L B is the IR spectral blackbody radiance at mid-cloud temperature T mid calculated using Planck's formula in which L a is the vertical upward background infrared radiance at the top of the atmosphere in the cloudless region. A new and simple approach is offered here to compute the upward L a , which uses the averaged values in the cloudless regions near the cirrus height within a range of 2.0 latitudinal degrees as L a . This is based on the assumption of neglecting atmospheric infrared radiance above cirrus clouds because it is assumed that all the water vapor resides below the clouds (Platt, 1979; Platt et al., 2002a) . In addition, due to the relatively low magnitudes of the reflecting and scattering infrared radiances at the bottom of the cirrus, both of them are neglected in Eq.
(1) (Platt, 1979; Platt et al., 1998) . However, no retrievals are performed if there is no spatial interval without clouds along the CALIOP scanning paths or the existence of multilayer cirrus cloud structure.
Visible Optical Properties
For a cirrus cloud at range r from the CALIOP instrument, the measured lidar signal power can be written as:
where C is a lidar system constant that includes output energy, r t represents the range of the cloud top (as CALIOP is nadir-viewing), β m (r) and β c (r) are the molecular and cloud backscatter coefficients, T m and T c are the molecular and cloud transmittance, and P o is the background signal power (Young, 1995; Young and Vaughan, 2009 ). Previous studies show that the cloud transmittance method (Young, 1995; Chen et al., 2002) can retrieve cirrus visible optical depth, δ c , at 0.532 μm. However, the transmittance method does not work in attenuation-limited clouds or when signal-to-noise ratio (SNR) is poor because sufficient lidar signal on the far side of the cloud (in this case below cloud) is required (Young, 1995; Immler and Schrems, 2002b) . Therefore, this technique would likely be limited if it is applied to the CALIOP data, because of the signal attenuation effects in opaque cloud layers, and the effects of bright solar background signals during the daytime orbital segments. The backward iterative solution to the lidar equation is widely applied due to a stable and accurate solution (Klett, 1981) . For the spaceborne lidar system CALIOP, however, backward solutions are often problematic because it is usually difficult to determine accurate, far-field boundary conditions with any confidence, especially under the conditions of reduced SNR encountered during daytime measurements (Young and Vaughan, 2009 ).
The Hybrid Extinction Retrieval Algorithm (HERA), based on a forward iterative method, has been developed to perform extinction coefficient retrievals for CALIOP data sets (Young et al., 2007; Young and Vaughan, 2009 ). Moreover, two crucial parameters, the lidar ratio, S c , and multiple scattering factors, η, for the lidar equation inversion are supplied by the Scene Classification Algorithm (SCA) (Liu et al., 2005; Omar et al., 2009 ). The cirrus cloud visible optical depth, δ c , obtained from CALIOP level 2 cloud layer products may be derived as:
where r t and r b are the cirrus cloud top and base heights.
Depolarization and color ratio
A layer-integrated volume depolarization ratio Δ and color ratio χ for clouds can be written (Platt et al., 1998; Vaughan et al., 2005) respectively as:
where γ c,⊥ and γ c, are the sum of the perpendicular and parallel attenuated backscatter at 0.532 μm over the cloud depth, and γ c,1064 and γ c,532 are the similar sum of attenuated backscatter at 1.064 and 0.532 μm.
Results and discussion
Macrophysical properties
Two years of CALIOP data permit an assessment of the monthly variability of cirrus cloud macrophysical properties over North China. We use the processed Level 2 cloud product at 5 km horizontal resolution. It is worth noting that in order to compare our results with the International Satellite Cloud Climatology Project (ISCCP) D2 global grid dataset data (Rossow and Schiffer, 1999) , and reduce attenuation bias from the top-layer cirrus cloud, we only chose the top-layer cirrus cloud cases in CALIOP data for this investigation. Figure 1a depicts the total number of CALIPSO instrument orbital passes in our research domain with cirrus deemed present (black bar) and number of cases without cirrus (white bar). Shown in Fig. 1b are monthly occurrence frequencies of orbital passes with cirrus observed, cirrus (equal to the ratio of number of top-layer cirrus clouds versus total number of profiles), and overlapping cirrus cloud layers. Due to what we believe is the influence of synoptic conditions and atmospheric circulation on midlatitude cirrus cloud formation and presence (Sassen and Campbell, 2001 ), we find a maximum frequency presented in June (37.2%) and minimum value in December (13.1%). The relatively higher coverage in summer is attributed not only to the relatively abundant upper-tropospheric water vapor introduced by regional convective activity influenced by the Western Tropical Pacific (Huang and Sun, 1992) , but also the seasonal meridional displacement of sub-tropical cirrus bands .
It is well-known that cloud overlapping information is of importance to climate models (Randall et al., 1989) . Global occurrence frequencies of overlapping cloud layers approach 40%, and vary from less than 10% over deserts and mountains to over 80% in tropical convective regions . The square symbols in Fig. 1b are the monthly occurrence frequencies of overlapping cirrus cloud layers. Variability in the occurrence of overlapping cloud layers may reflect the irregular influence on local cloud formation of inertial gravity wave activity that is enhanced by the complex regional surface terrain (Lynch et al., 2002) . Displayed in Fig. 2 are comparisons of monthly mean values of cirrus cloud physical parameters (cloud base and top heights, corresponding temperatures, and geometric thickness) derived from the CALIOP data sets with those reported in the ISCCP D2 global grid data set from January 1983 to June 2006 over North China. Figure 2a shows the maximum monthly mean cirrus cloud top (12.29 km) and base (10.82 km) heights that are observed in August. Figure 2b depicts monthly mean temperatures at the top, middle and base heights. The total mean cirrus top temperature (−56.6 • C) is slightly colder than the ISCCP value (−53.8
• C). Cloud top temperatures from CALIOP observations match well with ISCCP retrievals in the winter. However, in the other seasons, especially summer, they are considerably lower than those of ISCCP. We attribute this to the likelihood for CALIOP detecting optically thin, sporadic and cold cirrus clouds caused by regional convection. The higher sensitivities to cirrus cloud detection using the CALIOP in- strument is advantageous in this regard compared to the ISCCP (Weisz et al., 2007) . Monthly mean cirrus cloud layer thicknesses are shown in Fig. 2c . The total mean value of 1.60 km is smaller than that found in a previous mid-latitude study of cirrus clouds from Western North America (2.79±1.38 km) by Sassen and Comstock (2001) . This finding will be discussed in further context below, as we believe there is some ambiguity present.
Shown in Fig. 3 , are probability density functions (PDF) for the previously described cirrus cloud macrophysical parameters from Fig. 2 . Figure 3a shows the PDF for cloud tops and base heights. The cirrus cloud thickness distribution (Fig. 3b) centers near 1.5 km. In Fig. 3c , it is the PDF for cirrus cloud tops and base temperature. Although cirrus cloud top temperatures from both CALIOP and the ISCCP center around −55
• C, the CALIOP data contain a greater number of cases with temperatures lower than −50
• C and higher than −80
• C. Figure 4 shows the probability distribution functions (PDF) of cirrus cloud infrared emittance, ε a , at 10.6 μm in 0.05 interval, optical depth, δ c , at 0.532 μm in 0.1 interval, integrated volume depolarization ratio, Δ , in 0.05 interval, and integrated color ratio, χ , in 0.05 interval. The dashed line in Fig. 4d Figure 4a shows the PDF of cirrus cloud infrared emittance. Infrared-optical and solar-albedo properties of cirrus clouds combine to determine their sum radiative effect (Liou, 1986) . Multi-layered clouds and a lack of background infrared radiance can cause the retrieval, identified in section 2.2.1, for cirrus cloud infrared optical properties to fail. In view of these limitations, the results described in this section represent fewer sample cases than those reported for other cirrus cloud properties. The distribution of occurrence frequencies of infrared emittance is similar to the results from Sassen and Comstock (2001) . But, they differ from the Platt et al. (1998) equatorial study. This is attributed to the relatively higher occurrence frequency of the physically thick cirrus in the equatorial region, which is often associated with deep convective activities in the Intertropical Convergence Zone (ITCZ) (Mace et al., 2006) . Figure 4b exhibits a PDF histogram of 0.1 intervals of cirrus visible optical depth. Although our results contain more samples with optical depth <0.2 than that derived by Vaughan et al. (2008) using CALIOP and Cloud Physical Lidar (CPL) measurements, the bulk of our observations coincide with values lower than 1, which resembles that from Vaughan et al. (2008) . A total mean value of optical depth of 0.41±0.68 is consistent with the mean result of 0.42 from Vaughan et al. (2008) . However, these results are significantly lower than the value, 0.751±0.91, from ground-based lidar reported by Sassen and Comstock (2001) . In addition to the different attenuated effect, a greater frequency of optically thin cirrus clouds over North China induces the relatively lower value.
Frequency Distribution
In addition, Table 1 shows a comparison of frequency distributions of different cirrus categories between this work and Sassen and Campbell (2001) that are divided on the basis of ranges of δ c versus visual appearance (Sassen and Cho, 1992) . We find a frequency of subvisible cirrus (δ c 0.03) of 30.26% is obviously higher than 17% reported by (Sassen and Campbell, 2001) . A nominal cloud scene where total optical depth exceeds approximately 3.0 will cause the laser source pulse to become attenuated before the full profile may be sampled Sassen and Cho (1992) .
Figures 4c and 4d exhibit the PDFs of cirrus cloud Table 1 . Frequency distributions for cirrus categories from this study based on cirrus visible optical depth, δc, (Sassen and Cho, 1992) and those from Sassen and Campbell (2001 integrated volume depolarization ratio Δ and color ratio χ . These measurements, when considered in tandem, depict sensitivity to particle shape, orientation and size in the scattering layer (Noel et al., 2004) . Thus, they may be considered when distinguishing the type of scatterer, particularly ice-phase clouds that regularly depolarize incident laser energy versus liquidphase clouds that do not Sassen, 1991) . These macrophysical properties can also be related to inherent parameters such as mid-cloud temperature T mid and integrated attenuated backscatter (Liou et al., 1998; Sassen and Campbell, 2001; Tao et al., 2008) . Mean Δ and χ values derived from this CALIOP data subset are 0.26±0.12 and 0.72±0.22, respectively. The majority of Δ are lower than 0.6, though most often in the range of 0.2-0.8 (Sassen, 1991) . The color ratio values distribute around 0.85 from Fig. 4d . However, we speculate that there may be some inherent offset present in these results, since the values should nominally center closer to 1.0 from theoretical simulation of Mie scatterers (Liu et al., 2004) . In addition to the molecular signal neglected in the χ calculation, the attenuation effect and potential offsets in the calibration of the lidar system constant in the 1.064 μm channel can also impact on χ . The dashed line in Fig.  4d represents the PDF result from June to August of 2006. There are more data points from this result that focus around 0.85 than the total results plotted with a solid line, indicating attenuation at the 1.064 μm channel. Figure 5 shows the relationships between mid-cloud temperature, T mid , in 10
Dependence of cirrus cloud properties
• C intervals and cirrus cloud layer thickness, infrared emittance, optical depth at • C intervals from this study and others. The black solid circles are the results of this work, and the other marks are derived from previous studies (see inset). In Fig. 5d , the green solid circles and blue solid line represent the results of color ratio and depolarization ratio observed in Aspendale in winter (Platt et al., 1987). 0.532 μm, integrated depolarization, and color ratios. Shown in Fig. 5a is the relationship between cirrus cloud thicknesses and T mid . The results from the North China region are compared to previous cirrus cloud studies (see inset). The comparison yields differences between our work and results derived at tropical regions (Platt et al., 1987 (Platt et al., , 1998 (Platt et al., , 2002a , particularly those near the equator from Platt et al. (1998) . However, despite the earlier disagreement noted between mean cirrus cloud layer depths compared with ground-based mid-latitude lidar studies, the general trend in the plot mostly shows agreement with results reported by Platt and Dilley (1981) , Platt et al. (1987) , and Sassen and Comstock (2001) . Some disagreement near −20
• C may be the result of a sampling bias from mixed-phase clouds and strongly attenuating altostratus (Sassen and Comstock, 2001) . The influence of such cases is harder to determine from CALIOP data sets compared to those collected at the ground from the difference in viewing geometry. However, we are confident that the second cirrus identification threshold, which relies on a maximum cloud top temperature of −40
• C, helps to eliminate many of the data points at warmer temperatures. The dependence of cirrus cloud infrared emittance on T mid is depicted in Fig. 5b . Despite the difference in wavelengths of the infrared radiometer in each separate experiment, the trend in ε a is similar to our results shown in Fig. 5b , and it is consistent with those from other mid-latitude regions (Platt and Dilley, 1981; Platt et al., 1987; Sassen and Comstock, 2001) . The shortage of cirrus cases around −70
• C is likely to be a result of a lower sensitivity to optically thin cirrus using CALIOP when compared to groundbased instruments.
The relationship between mean δ c and T mid is displayed in Fig. 5c . This figure depicts the corresponding estimation of δ c , when compared with similar findings by Sassen and Comstock (2001) . The weakly increasing trend of δ c from −70
• C to −40 • C may represent an artifact of instrument sampling limits for optically thick clouds.
Figures 5d depicts the relationships between Δ and χ with T mid . Despite Fig. 5d depicting a decreasing trend of Δ with T mid that is similar to results from other mid-latitude regions, differences exist. We believe this geographical difference in the depolarization ratio in cirrus reflects dissimilarities in the dominant generating mechanism, and in the nature and source of cloud nuclei that influence the nucleation temperature and, therefore, the shape of the ice crystals (Sassen and Benson, 2001) . Figure 5d exhibits an unremarkable dependence of χ on T mid .
In light of the dependences of ε a and δ c on T mid , the similar dependences of ε a and δ c on cirrus cloud layer thickness are depicted in Fig. 6 . The black solid line represents the results derived from Sassen and Comstock (2001) .
In Fig. 6a , a gradual increasing trend is seen, similar to that found by Sassen and Comstock (2001) .
However, a slight decreasing trend near the 5 km thickness may indicate a relatively lower penetrability of CALIOP compared with ground-based lidars. Besides a similar finding of δ c , when compared with that derived by Sassen and Comstock (2001) can be found in Fig. 6b .
Finally, we have substituted the integrated attenuated coefficient, γ t , at 0.532 μm for optical depth to investigate its dependence on attenuated or multiple scattering properties. The purpose of this is to diminish the effects of assumptive parameters on the lidar inversion (Sasano et al., 1985) . Figure 7 shows the dependences of integrated depolarization ratio, Δ , and color ratio, χ , in 0.02 intervals of integrated attenuated backscatter, γ t , at 0.532 μm. A decreasing trend of Δ compared with γ t are shown in Fig. 7 . We speculate that the relatively low values of Δ represents the presence in our cloud sample of horizontally-oriented ice particles, embedded supercooled water droplets, as well as some multiple scattering effects that groundbased remote sensors, with attentive instrument operators, may seek to avoid (Sassen, 1991; Sassen and Benson, 2001 ). Nevertheless, both Fig. 5d and 7 indicate that χ shows less dependence on T mid or γ t . Tao et al. (2008) also have demonstrated that χ is relatively invariable with height in well-developed and mature cirrus cloud layers.
Summary
This study examines two years of continuous Cloud-Aerosol Lidar with Orthogonal Polarization (CALIOP) data to study cirrus cloud physical properties over North China from June 2006 to May 2008. In the bulk of our sample cases, the 0.532 μm cloud optical depth does not exceed 1.0. Though our macrophysical findings generally resemble those reported from previous ground-based mid-latitude studies of cirrus clouds, we can not rule out some systematic influence from a lack of optically thick clouds in our sample.
We summarize our primary results as follows:
(1) A simple approach averaging the upward nadirviewing infrared radiances in the cloudless regions as the background infrared radiances have been used to calculate infrared optical properties.
(2) Our analysis of cloud occurrence frequencies and physical properties shows monthly trends that follow seasonal cycles. Exceptions to this include cirrus cloud layer thicknesses and the occurrence and frequency of overlapping cirrus cloud layer structures. We attribute the latter differences to the prevalent dynamic generating mechanisms and regional terrain influences in the form of inertial gravity waves. Compared to passive satellite-based measurement approaches (ISCCP), space-borne lidar may be used to derive more vertical information on cirrus clouds. The CALIOP instrument sensitivity to cirrus allows for better discrimination of high and optically thin cirrus layer heights. Due to viewing geometry compared with ground-based measurements, we anticipate that mid-level mixed-phase clouds and strongly attenuating altostratus should not prominently effect the identification of cirrus in the CALIOP data. Therefore, the mean cloud layer thickness at −20 • C is higher than ground observations.
(3) The attenuation effects of optically thick cirrus leads to 0.532 μm optical depth retrievals, computed by lidar signal inversions, that are lower than established climatological means derived from groundbased lidars in other mid-latitude regions. Although this finding is not generally unexpected, due to potential differences in dominant synoptic and regional convective dynamics, statistical analysis shows that most of our sample cases (about 87.4%) do not exceed 1.0.
(4) Trends for increasing CALIOP-retrieved infrared emittance values with mid-cloud temperatures and cirrus cloud layer thicknesses correspond well with similar measurements made from ground-based lidars at mid-latitude sites. However, a potentially lower sensitivity to subvisible cirrus leads to the lack of cirrus cases around −70
• C when compared to ground measurements.
(5) The dependence of Δ on mid-cloud temperature and integrated attenuated backscatter are statistically significant, but for color ratios, it shows a weaker dependence. The presence of horizontally oriented ice particles, supercooled water in mixed-cloud layers, and the increased effects of multiple scattering may bias our sample causing relatively low values of depolarization ratio when compared to previous studies. The dissimilarities in dominant cloud generating mechanisms and the nature and source of cloud nuclei is also expected to yield geographical differences in cirrus cloud microphysical properties and, therefore, depolarization ratios.
